The oxygen salurations of 152 children were studied for the first 30 minutes following general anaesthesia with a pulse oximeter. Thirty-six patients (24%) recorded oxygen saturations of less than 90% while breathing room air and in all cases this occurred during the first ten minutes. Intubation (P < 0.001), use ofmuscle relaxants (P < 0.01), intravenous induction (P < 0.01) and duration of anaesthesia of greater than one hour (P < 0.02) were all associated with an increased incidence of hypoxaemia. There was no significant correlation with age, weight, procedure, time to wakening, or use of opiates. Clinical signs correlated poorly with hypoxaemia and it is recommended that all children should receive supplementary oxygen during transport to recovery wards and for at least the first ten minutes in recovery following general anaesthesia.
Hypoxaemia following general anaesthesia has been well documented in adults. It is generally considered to be multifactorial in origin with different authors differing in the importance placed on individual factors. Venous admixture, diffusion hypoxia following nitrous oxide withdrawal, increased desaturation of mixed venous blood (for example in patients who are shivering) and reduced ventilation from either respiratory depression or airway obstruction have been cited as major causes of postoperative hypoxaemia. [1] [2] [3] [4] [5] [6] To avoid postoperative hypoxaemia it is common practice for adult patients to receive supplementary oxygen in the recovery room. Until recently documentation of this phenomenon in children was poor. The excellent cardiorespiratory status of most paediatric patients and their frequent refusal to tolerate masks or nasal catheters has made the use of supplementary oxygen in the recovery room much less common in children than in adults.
The introduction of pulse oximetry has made possible accurate and continuous noninvasive monitoring of oxygen saturation. 7 ,8 The purpose of this study was to continuously monitor arterial oxygen saturation for the first thirty minutes in the recovery room to determine the incidence, degree and duration of postoperative hypoxaemia in ASA I or 11 children following general anaesthesia and breathing room air.
PATIENTS AND METHODS
One hundred and fifty-two children of ASA status I or 11 and aged between 2 days and 19 years were studied ( Figure 1 ). The patients were scheduled for a wide variety of procedures (Table 1) . No patients in the study had cardiac or thoracic surgery. No attempt was made to influence the type of premedication or anaesthetic technique but 
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-"-l PATlOOS details were recorded on a patient data sheet. Patients were excluded from the study if postoperative supplementary oxygen was ordered. Approval for the study was obtained from the Research Ethics Committee.
Oxygen saturation was measured continuously for the first 30 minutes in the recovery room using a Nellcor N-I00 pulse oximeter with a Nellcor N-91101 chart recorder (Nellcor Inc., Hayward, California 94545, U.S.A.). The chart recorder gave hard copy of the pulse rate and oxygen saturation and proved useful in determining if an isolated low reading was artifactual. For the older children a clip-on finger sensor was used but in smaller children an adhesive sensor placed either on the finger, across the palm of the hand or across the sole of the foot proved more satisfactory.
At the end of each procedure patients were allowed to breathe 100% oxygen in theatre for as long as was felt necessary by the anaesthetist. Patients were transported to the recovery room located within the theatre suite breathing room air and were nursed in the lateral position unless it was contraindicated. Pulse oximetry readings were started immediately on arrival in the recovery room. The state of consciousness, pulse rate, respiratory rate and colour were recorded at ten-minute intervals by the recovery staff. Full patient details, preoperative assessment, details of premedication, anaesthetic, and any additional drugs given were also recorded. The time to regain consciousness was taken as being the time when the patient was first able to obey commands or in the case of an infant the time to first opening of the eyes.
Any patient whose oxygen saturation fell below 80% was given supplementary oxygen for several minutes and then if the saturation had improved was reassessed breathing air. Supplementary oxygen was given either via a Hudson Mask or by placing a Rendell-Baker mask connected to an Ayre's T -piece with a flow of 8-10 litres/min of oxygen in close proximity to the face with the patient in the lateral position. Both methods proved satisfactory with the latter method being better tolerated by the patient. Recovery staff recorded incidents such as obstructed airway, shivering or vomiting.
All data were entered on a Hewlett-Packard 125 Micro-computer and analysed using a Condor Series 20 Data Base Management System. Statistical analysis was performed using Chi squared contingency-tables and using Yates correction for 2 X 2 tables. For type of operation, waking time and age the normal approximation from the Mann Whitney U Test was used. A P value of less than 0.05 was considered to be significant. RESULTS One hundred and twenty-seven patients (84%) were ASA status I, the remainder were ASA 11. Premedication was not used in 39 patients (26%) .. Of the remainder 56 (37%) received oral trimeprazine, 38 (25%) received intramuscular opiates, 11 (7%) received oral pentobarbitone, 4 (3%) received oral diazepam and 4 (3%) received intramuscular atropine alone.
Eighty-three patients (55%) had a gaseous induction and 69 (45%) were induced with thiopentone sodium. All patients received nitrous oxide and halothane during the procedure. One hundred and one patients (66%) received opiates and 23 (15%) received local anaesthesia for intra-and postoperative analgesia. Ninety-eight patients (64%) were intubated and of these, 43 patients (28%) received non-depolarising muscle relaxants and IPPV. The remaining 55 (36%) intubated patients were allowed to breathe spontaneously. The types of procedures performed are shown in Table 1 . There was no correlation between the type of procedure and the incidence of desaturation to less than 90%. There was a wide variation in duration of procedure ( Figure 2 ) and a correlation between procedures of greater than one hour's duration and desaturation to less than 90% (P< 0.02).
The mean arterial oxygen saturation (Sa02) on arrival in the recovery room was 92.6 (SD 4.4)% (range 69-100). This corresponds to a Pa02 of 65 mmHg assuming normal acid-base status and Hb-02 affinity. The Sa02 in most patients progressively increased until monitoring was discontinued after 30 minutes (Figure 3) . At 30 minutes the mean Sa02 was 95.8 (SD 2.2)% corresponding to a Pa02 of 86 mmHg.
In 108 patients (71 %) the lowest saturation was on arrival in the recovery room. No patient had a saturation ofless than 85% after five minutes in the recovery room and only one patient had a saturation of less than 90% The saturation of all patients who required supplementary oxygen quickly increased to above 95% and they were reassessed after several minutes again on room air.
There were 36 patients (24%) whose oxygen saturation dropped below 90%. Their data were analysed in an attempt to define any factors predisposing to postoperative hypoxaemia. Intubation (P < 0.001), use of muscle relaxant (P < 0.01), intravenous induction (P < 0.01), and duration of anaesthesia greater than one hour (P < 0.02) were all found to be correlated with an increased incidence of postoperative hypoxaemia (Table 2) . Weight, age (Figure 1 ), sex, type of operation, preoperative assessment (ASA I or 11), premedication, use of opiate, time to wakening, and use of local anaesthetic for postoperative pain relief showed no significant correlation with postoperative hypoxaemia.
The fifteen patients (10%) who had saturations ofless than 85% were analysed. All had their lowest saturation during the first five minutes in the recovery room. Ten of these fifteen patients appeared clinically normal, i.e. they had normal pulse and respiratory rates and were not assessed as showing cyanosis. Without pulse oximetry their desaturation would have gone undetected. Four of the remaining five patients had some degree of airway obstruction and one patient was vomiting soon after arrival in the recovery room. Six patients were judged to be cyanosed by the recovery staff. Their Sa02 at the time was 69%, 81 %, 81 %, 84%, 85% and 96% respectively.
Pulse rates, which were recorded on the chart recorder simultaneously with the oxygen saturation, did not change significantly with hypoxaemic episodes. By continuously recording Sa02 several episodic desaturations were detected in patients who remained clinically normal and who were asleep. There were no clinical reasons to explain these desaturations.
DISCUSSION
In 1962, Nunn ' showed that otherwise fit adults undergoing routine elective surgery under general anaesthesia became hypoxic for up to 24 hours postoperatively. A disturbance of the ventilation/perfusion ratio was postulated as the cause and it was subsequently shown that the hypoxia was readily reversed by increasing the FI02. 2 Until recently these findings of postoperative hypoxaemia had not been reported in children. With the introduction of the pulse oximeter oxygen saturation can now be measured accurately and non-invasively and the earlier adult work is being extended to paediatric patients. Motoyama and Glazener in 1986 10 studied postoperative oxygenation in 97 ASA I children. The mean preoperative Sa02 was 97.6% and this fell to 93.0% on arrival in the recovery room, a finding similar to our own. They recorded a second oxygen saturation after 5-15 minutes (Sa02 94.1 %) which was also comparable to our findings. Our study, however, continuously monitored oxygen saturation for 30 minutes and so was able to provide additional information on the duration of hypoxaemia and the factors that affect it.
We found that intubation, the use of muscle relaxants, an intravenous induction, and duration of anaesthesia of greater than one hour were all associated with an increased incidence of postoperative hypoxaemia ( Table 2 ). The correlation with intravenous induction in particular was unexpected but it is possible that all four significant variables are associated with more major procedures.
Motoyama and Glazener lO showed that there was a significant increase in Sa02 in patients who were awake compared to those who remained asleep. However, more recently Hannallah et al. II was unable to find any significant correlation between postoperative hypoxia and the degree of recovery in children following general anaesthesia. Our data confirmed Hannallah's work in showing that the time to waking in recovery had no relationship to the incidence of hypoxaemia.
An increased tendency to airway closure has previously been demonstrated in small children. '2 In spite of this we were unable to show any increased incidence of hypoxia in the infants we studied (Figure 1 ). Motoyama and Glazener 'o also found no correlation between the age of the patient and the incidence of hypoxaemia.
The use of opiates for either premedication or perioperative analgesia did not lead to an increased incidence of hypoxia. Catley et al. '3 described pronounced episodic oxygen desaturation in the postoperative period in a group of patients receiving intravenous morphine which was not seen in another group receiving regional analgesia with bupivacaine. They found these desaturations were related to disturbances in ventilatory pattern during sleep, namely obstructive apnoea, paradoxical breathing and periods of slowed ventilatory rate. By continuously recording Sa02, we also detected several episodic desaturations in patients who were asleep but no abnormal ventilatory pattern was noted at the time by our recovery staff. None of these episodic desaturations was less than 85% if the patient had been in recovery for more than five minutes. The saturation of all patients who de saturated to less than 80% rapidly increased to above 95% saturation with supplementary oxygen. This confirms the benefit of supplementary oxygen in the recovery period.
It is difficult to judge the clinical significance of transient hypoxaemia in the postoperative patient. It has been shown by Knill and Clement 14 that normal compensatory responses to hypoxaemia are suppressed by anaesthetic agents, and this might exacerbate any harmful effects. On the other hand, general anaesthetics may afford a degree of cerebral protection against hypoxia. 1S ,16 It would, however, seem wise to minimise the risk of hypoxaemia occurring and this study shows that this can be done by using supplementary oxygen.
It was disturbing that clinical signs, induding colour, reflected so poorly the presence of hypoxaemia and that our recovery staff felt one patient to be cyanosed with a saturation of 96%.
This study has demonstrated that significant postoperative hypoxaemia can occur in normal children after any procedure requiring general anaesthesia. It is therefore our recommendation that following general anaesthesia all children should receive supplementary oxygen while being transported to recovery and for at least the first ten minutes in the recovery room.
